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(54) Reception apparatus for CDMA communication system 



(57) A signal reception apparatus for DS-CDMA 
communication system having a complex matched filter 
for despreading a received signal into I-and Q-compo- 
nents Dj and Dq of despread signal. Dj and Dq are input 
to a path selection portion 13 for extracting a phase 
error in a pilot symbol block of the despread signal. A 
phase compensation signal is calculated according to 



the phase error in the portion 13. An information symbol 
is compensated according to the phase compensation 
signal. An electrical power Is calculated from an aver- 
age of the phase compensation signal of several slots 
for selecting paths to be received. The selected paths 
are combined with phase synchronized by a rake com- 
biner 14. 
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Description 

Detailed Description of the Invention 
5 Background of the Invention 

Field of the Invention 

The present invention relates to a signal reception apparatus for DS-CDMA communication system, particularly to 
10 a rake receiver for combining multi-path signals with phase compensation. 

Prior Art 

A spread spectrum communication system absorbs attention due to its high frequency efficiency as the users of 
15 the land mobile communication steeply increases. Among various types'of spread spectrum communication, a direct 
sequence code division multiple access (DS-CDMA) communication system is going to be standardized by an interna- 
tional committee of communication, mainly in the field of the mobile cellular radio and wireless LAN. 

Usually, one signal transmitted causes a plurality of propagation signals passing through different paths with differ- 
ent path lengths. Since these signals cannot be coherently added, a multi-path fading occurs. In the DS-CDMA system. 
20 the multi-path signal are resolved and utilized by combining them 

Fig. 7(a) shows an example of the frame format in the DS-CDMA system. Each frame consists of a plurality of slots, 
for example, 6 slots. Each slot consists of a pilot symbol block and a information symbol block. Each of the pilot symbol 

blocks P1 , P2 Pn has a predetermined number of synnbols, for example, 4 symbols, and includes a predetermined 

symbol sequence. Each of the information symbol blocks 11, 12 In has a predetermined number of symbols, for 

25 example. 36 symbols. The pilot symbol blocks and irttormation synribol blocks are arranged one after another so that 
each information symbol block follows one pilot symbol block. 

Symbol blocks are modulated by QPSK infonnation modulation, and modulated by BPSK spreading modulation or 
QPSK spreading modulation, then transmitted. 

A composite code is formed by composing a short code with a length equal to the symbol duration and a long code 
30 with length equal to multiple symbol duration. 

Fig.7(b) shows a conventional rake receiver. The signal received by an antenna 101 is converted into a intermedi- 
ate frequency signal by a high frequency receiver portion 102. An output of the port on 103 is divided by a divider 103 
into two components of in-phase conponent (l-component) and quadrature component (Q-component) to be input to 
multipliers 106 and 107, respectively. A wave of a local frequency is generated by an oscillator 104. The wave is input 
35 directly to the multiplier 1 06, and is input through a phase shifter 1 05 for shifting the wave in phase by nJZ to the multi- 
plier 1 07. The multiplier 1 06 multiplies the intermediate frequency signal from the divider 1 03 by the wave from the oscil- 
lator 1 04. An output of the multiplier 1 06 is processed by a low-pass filter 1 08 so that the l-component base band signal 
Ri is generated. The multiplier 107 multiplies the intermediate frequency signal from the divider 104 by the wave from 
the phase shifter 105. An output of the multiplier 107 is processed by a low-pass filter 109 so that the Q-component 
40 base band signal Rq is generated. The quadrature detection is performed. 

The base band signal Ri and Rq are input to a complex matched filter 1 10 for multiplying the base band signal by 
I- and Q-components of PN code sequence supplied from a PN code generator 111. This is despreading. The I- and 
Q-components Di and Dq of the output of the matched filter 1 10 are input to a signal level detector 1 12, frame synchro- 
nization circuit 1 1 4 and a phase compensation portion 115. 
45 The signal level detector 112 calculates the power of received signal Di and Dq. The signal power level is input to 
a multi-path selection portion 1 13 for selecting N paths, for example 4 paths, which are with higher power level of than 
others. 

The frame synchronization circuit 114 receives an information of the path with maximal power from the multi-path 
selection portion 1 1 3 for detecting the head of the frame according to the symbol pattern of the pilot symbol block. 
50 An output of the multi-path selection portion 1 13 is input to the phase compensation portion 115 which compen- 
sates the phase of the selected paths for example up to 4 paths. The outputs are synchronized and combined by a rake 
combiner 116. Using the output of rake combiner 116, a decision is made by data decision portion 117 and the infor- 
mation symbol is recovered. 

As mentioned above, the phase of the despread received complex signal are compensated by the portion 115 
55 according to the phase rotation of the known pilot syntiol in the received signal. This is necessary for the coherent 
detection because the absolute phase is needed in the coherent detection. 

Fig.8 shows the phase conrpensation portion 1 15. The despread pilot symbol Di and Dq output from the complex 
matched filter 1 10 is input to a means 120 for extracting and averaging the phase error in Di and Dq. 
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A compensation signal is output from the means 120 to a phase compensation means 130. The means 130 multi- 
plies the despread information symbol block by the compensation signal so as to compensate the phase of Di and Dq. 

When a pilot symbol transmitted is expressed as a complex a=ai+j and the pilot symbol received is 
P=P j+j P q . "a" and "P" are different only in phase 6 by ignoring the difference between the amplitudes, as shown in the 
£ ' formula (1). 

As shown in the formula (2), the phase of the pilot symbol P is extracted by multiplying "P" by a conjugate complex of 
10 "a". (Pi. Pq) of the pilot symbol is called "phase vector", hereinafter. 

= {P,. • a,+ Pq • a^)+y • (P^ • a^-P, • a^) 
The average phase en-or of the pilot symbol is expressed by the formula (3). 

20 ^ ^ 



E 



25 



Here, "L" is the total number of symbols included within one pilot symbol block. L=4 for example. The upper letter V is 
an ordinal number of the pilot symbol. (Ei. Ej) is called "en-or vector", hereinafter. 

Usually, the pilot symbol a=a j+j a^ is with ai=(-1. +1) and aq=(-1, +1). So the multiplication in the formula (2) can 
be implemented by controlling positive and negative sign of the received pilot synt)ol. The phase error E in the pilot 
30 symbol block can be calculated by an adder. Therefore, the calculation is executed by a simple circuit. 
There are two methods for phase compensation using the average phase error of the pilot symbol. 
Fig.9(a) shows the first method of phase compensation. The information symbols II , 12 and 13 are compensated by 
the phase error vectors E^^ E^^^ and E^^^ just before the information symbols, respectively. This method can be called 
extrapolating compensation. The first pilot symbol block P1 and the first information symbol block 11 are representa- 
35 tively described. 

A vector for compensating the phase error of the pilot symbol block in each path can be calculated by the formulae 
(4) to (6). The vector (Mi, Mq) for the compensation is called "compensation vector", hereinafter. 



40 



M = M,. +/ • (4) 

M, = E,. (5) 

Mg-E^ (6) 

45 The received symbol D=D j+j Dq is multiplied by a conjugate complex of the compensation vector M as shown in the 
formula (7) so that the information symbol block in the slot is compensated in phase. A conpensated received signal is 
expressed by Dhat ( D with a symbol like a hat). 



50 



0 = {Oi-hj • D^) • (Mfj • M^) (7) 



Other paths selected by the portion 1 1 3 of the mulyi-path signal is similarly processed. 

The rake combiner synchronizes the conrpensated signals and combines them. The output of the rake combiner is 
55 shown in the formulae 

(8) and (9). The output is expressed by Dbar (D with a symbol bar). 
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(8) 



5^=£0|;'> (9) 

10 

where, the superior (n) show the ordinal number o1 the path. n=1 , 2 N, and N=4 for example. 

Fig.9(b) shows the second method of phase compensation. The information symbols II , 12 and 13 are compensated 
by pairs of the phase en-or vectors E^^) and E^^), Et^) and £^^\ and E^^^ and E*^) just before and behind each information 
15 symbol, respectively. This method can be called interpolating connpensation. The first pilot symbol block PI and the first 
information symbol block 11 are r^resentatively described. When one pilot symbol block consists of 4 symbols. 36 sym- 
bols of one Information symbol block is compensated by an average phase errors of 8 symbols of successive two pilot 
symbol blocks. 

An error vector averaged over 4 pilot symbols is output from the means 120 as shown in the formulae (10) and (1 1). 

20 ' 

E^'^a^'^jtf (10) 



The compensation vector M is calculated as in the formulae (12) and (13). 

A/, = + i^'^^Vz (12) 



The mean between the averaged error vector E^*' just before the infornr^tion synnbol block li and the averaged error vec- 
40 tor E(*"^''J just behind li is used as a compensation vector M. The received vector D=D j+j Dq is multiplied by a conjugate 
vector of M so that li between E^*) and E***"'* is compensated in phase. 

The second method is higher accuracy than the first method, however a delay circuit such as a memory is neces- 
sary for holding one information symbol block until one phase en-or signal is calculated. 

The path selection portion 113 calculates the electrical power from the despread signal as shown in the formula 
45 (14). An influence of interference and noise is included in the power. 

\D\-p: iD; (U) 



The power is always positive in despite of the despread signal. The peak value is not so much higher than other 
values wfien a plurality of symbols are averaged. 

55 Summary of the Invention 

The present invention is invented so as to solve the conventional problems and fias an object to provide a signal 
reception apparatus for DS-CDMA communication system. 



4 



EP 886^385 



Page 5 of 13 



EP 0 886 385 A2 

According to the present invention, the signal reception apparatus -calculates the power of phase corrected signal 
for reducing the influence of noise and interference. 

- Brief Description of Drawings 

5 

Fig.1 is a block diagram of an embodiment of a signal reception apparatus according to the present invention. 
Fig.2 is a block diagram of the first embodiment of a portion for phase compensation and path selection in the 
embodiment. 

Fig.3 is a block diagram of the second embodiment of a portion for phase compensation and path selection in the 
10 embodiment. 

Fig.4 is a block diagram the third embodiment of a portion for phase conrpensation and path selection in the 
embodiment. 

Fig.5 is a block diagram the fourth embodiment of a portion for phase compensation and path selection in the 
embodiment. 

IS Fig.6 is a block diagram a path selection portion in the embodiment. 

Fig.7{a) is a diagram showing a frame format of a signal to be transmitted. 
Fig.7(b) is a block diagram of a conventional rake receiver. 
Fig. 8 is a block diagram of a conventional phase compensation means. ~ 
Fig.9 is a diagram of a frame format showing the phase compensation. 

20 

Preferred Embodiment 

Fig.1 is a block diagram of an embodiment of a signal reception apparatus of DS-CDWIA communication system. 
The signal reception apparatus has a complex matched filter 10 for calculating a correlation of a sampled components 
25 Rl arxj RQ of a received signal after a quadrature detection and replica of the spreading code including a long code and 
a short code, and for outputting a despread in-phase component Dj (l-component) and a despread Quadrature compo- 
nent Dq (Q-component). The sampling rate of the received signal is equal to chip rate or an integer times, for example 
twice, of the chip rate. 

The complex matched filter 10 is similar to that in the conventional system in Fig.7(b). Any types of matched filters 
30 can be applied, for example, a matched filter by a digital signal processor (DSP) or other digital circuits and a matched 
filter of a surface acoustic wave (SAW). An analog matched filter proposed in Japanese Patent Publication before 
Examination Hei09-083486 by the inventors of the present invention is much more advantageous than the digital 
matched filter because the digital matched filter needs an A/D converter for inputting the received signal to the matched 
fitter and a lot of power consumption. The analog matched filter is also high speed and high accuracy. 
35 The correlation outputs Dj and Dq are input to a signal level detector 1 1 for calculating a power of the correlation 
output and for outputting the power to a frame synchronization portion 12. The frame synchronization portion 12 calcu- 
lates a mean value of the power of a plurality of symbols and extracts a path with maximal power. Then pilot symbol of 
the extracted path is compared with a predetermined pattern. When the pilot symbol is identical with the pattern, the 
portion 1 2 outputs a frame synchronization signal. The judgment of the identification of the pilot symbol is performed by 
40 a matched filter or by delay differential detection. 

The correlation output Dj and Dq are also input to a portion 13 for phase conrpensation and path selection which 
compensates the phase of information symbol by using the phase error calculated from pilot symt)ols. Power of each 
path is calculated from the phase conrpensated signal for multi-path selection. 

The received signal after phase compensation is input to a rake combiner 1 4 for synchronizing the multi-path signal 
45 and combining them so as to output combined outputs of I- and Q-components Dibar and Dqbar. These components 
are demodulated into an information symbol in a decision circuit. 

Fig.2 shows the first embodiment of the portion 13 for phase compensation and path selertion having a means 20 
for phase error extraction and averaging which extracts a phase error from the pilot symbol and averages the phase 
error in order to calculate a phase conpensation signal. The phase compensation signal is input to a phase compen- 
50 sation means 30 for conpensating the despread information symbol according to the phase conrpensation signal. The 
phase compensation means 30 consists of a sampling and holding circuit 31 and a multiplication circuit 32. The aver- 
aged phase error Mj and Mq shown in the formulae (5) and (6), that is, the phase compensation signal of the pilot sym- 
bol in one slot of each path is converted into a digital data for exanrple of Bbit by an A/D converter 21 . The digital data 
are stored in a memory 22 and are averaged according to the formulae (15) and (16) for a plurality of slots and a power 
55 level is calculated from the averaged data of each path in a path selection portion 23. In the formulae (15) and (16). T 
is a total number of slots for averaging and (n) is a serial number of slots. The portion 23 compares the power v«th a 
predetermined threshold level so as to select a plurality of paths higher than the threshold level. 

The despread information symbol output from the matched filter 10 is held by the sampling and holding circuit 31 . 
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In the multiplication circuit, the held information symbol is multiplied by the phase compensation signal stored In the 
memory 22. An output of the multiplication circuit 32 includes despread information symbol of each path after phase 
compensation which Is input to a rake connbiner for synchronizing and adding the information symbol for a path diversity. 

The matched filter 10 receives the received signal sampled on every the chip period for single sampling. However, 
5 the double sampling or higher order over sampling can be realized by similar circuits. 

As the multpNcation circuit 32, a analog-digital multiplication circuit can be applied, for example shown in Japanese 
Patent Publication Hei 06-1 62230 and Hei 06-2151 64. 

The despread signal at the timing of the pilot symbol block Is Input to the portion 20 according to the frame synchro- 
nization signal. The phase error is calculated according to the formula (2) included in the despread pilot synnbol. The 
10 phase en-or is averaged over the pilot symbols within one pilot symbol block for each path. 

According to the averaged phase compensation signals Yj and Yq for T slots calculated by the formulae (15) and 
(1 6). a power level of the received signal is calculated from the formula (1 7). Here. Y=Y ,+jY q . 



15 



20 n-1 



r 

y, = l£My(n) (15) 
y\ = >/>^7+V = n^ax(|y,i|r^|)+|min(iy,M/^|) (17) 



25 

A plurality of paths of predetermined number of L of higher averaged power |Y| are selected from the path of the max- 
imal power. 

Since the phase compensation signals Mj(n) and Mq(n) for each slot are averaged, noise component and interfer- 
ence component are also averaged. The Influence of the cross con-elation and interference is reduced. The cross cor- 
se? relation of a long code In the composite code system causes random outputs for each symbol. This randomness will 
help to reduce the cross correlation interference by the averaging. 

The A/D converter 21 , the sampling and holding circuit 31 and multiplication circuit 32 work at chip rate clock. 
Fig.3 shows the second embodiment of the portion 13 for phase compensation and path selection in which the 
means 20 for phase error extraction and averaging Is a digital circuit. An A/D converter 24 is connected between the 
35 matched filter 10 and the means 20, for converting the despread signal corresponding to the pilot symbol block into a 
digital data of a predetermined bits, for example Sbit. The means 20 calculates Mj and Mq by a digital circuit Other por- 
tions are similar to those in Fig. 2. 

Fig.4 shows the third embodiment of the portion 13 for phase compensation and path selection In which the multi- 
plication circuit 32 is a digital circuit. An A/D converter 25 is connected to the matched filter 10 for converting the output 
40 Of the matched filter 1 0 into a digital data of a predetermined bits. The digital data Is input to the means 20 and 30. The 
means 30 consists of the multiplication circuit 32 and a memory 33 as a buffer of the digital data. Other portions are 
similar to those in Fig.2. 

Fig. 5 shows the fourth embodiment of the portion 1 3 for phase compensation and path selection in which the sanrv 
pling and holding circuit 31 of the third embodiment (Flg.3) is substituted by an A/D converter 34. The multiplication cir- 

45 cuit 32 is a digital circuit. Other portions are similar to those in Fig.2. 

When the notched filter 10 is a digital matched filter, the A/D converter 25 can be omitted In Flg.4. 
Fig.6 shows the path selection portion 23 having a plurality of received signal level calculation portions 41 1 to 41^ 
corresponding to paths candidates. Here, N is a multiplication result of the number of chips multiplied by order of the 
over sampling. When one symbol is 128 chips and the over sampling is double sampling, N=128 x 2=256. The calcu- 

50 lation circuit 41 1 has averaging circuits 51 and 52 for I- and Q-components M| and Mq, respectively. Each of the aver- 
aging circuits calculates an average value of the phase compensation signal for a plurality of slots as shown in the 
formulae (15) and (16). The averaged phase compensation signals are input to an electrical power calculation portion 
53 for calculating the average power |Y| of the received signal as shown In the formula (17). The portions 412 to 41 N 
are similar to 41 1 and the description therefor Is omitted. 

55 The averaged power |Y| at each chip timing is Input to a selector 42 for selecting at most L (predetermined number) 
of paths of higher power from the maximal power. The timing signal for these paths are Input to the phase compensation 
means 30. 

As mentioned above, the digital phase compensation signal is input from tiie memory 22 to the path selection por- 
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tion 23 according to the present invention. The circuit size is diminished because the A/D converter for the path selec- 
tion in the conventional receiver can be omitted. The path selection portion works synchronously to reception timing of 
the pilot symbol block and can be stopped during the information blocks timing. The electrical power consumption can 
de decreased. 

Claims 

1. A signal reception apparatus for DS-CDMA communication system for receiving a signal of a series frames, each 
said frame comprising a plurality of slots, each said slot comprising a pilot symbol block and a information symbol 
block, each said pilot symbol block conrprising a plurality of synnbols. each said infornnation symbol block compris- 
ing a plurality of symbols, said signal reception apparatus comprising: 

a matched filter for despreading said signal and tor outputting a despread signal; 
a signal level detection portion for detecting a level of said despread signal; 

a frame synchronization detection portion for detecting a frame synchronization according to said pilot symbol 
in said despread signal. 

a phase compensation and path selection portion for calculating a phase compensation signal from said pilot 
symbol in said received signal, for compensating said infornnation symbol of despread signal in phase accord- 
ing to said phase compensation signal, for selecting paths to be received according to an electrical power of 
said phase compensation signal and for outputting a conopensated signals of said selected patiis; and 
a rake combiner for synchronizing said compensated signals of said selected paths and for combining said sig- 
nals. 

2. A signal reception apparatus for DS-CDMA communication system as claimed in Claim 1 , said phase compensa- 
tion and path selection portion comprising: 

a phase error extraction and averaging means tor extracting a phase en-or of said pilot symbol of said despread 
signal, for averaging said phase error and for outputting said average as a phase connpensation signal; 
an A/D converter for converting said phase compensation signal into a digital phase compensation signal; 
a memory for storing said digital phase compensation signal; 

a path selection portion for calculating an average of said digital signal in said memory, for calculating an elec- 
trical power of said received signal from said average of said digital signal of a plurality of slots and for selecting 
paths to be received according to said electrical power; 

a sampling and holding circuit for holding said information symbol in said despread signal output from said 
matched filter; and 

a multiplier for multiplying said information symbol in said sampling and holding circuit by' said digital phase 
compensation signal. 

3. A signal reception apparatus for DS-CDMA communication system as claimed in Claim 1 , said phase compensa- 
tion and path selection portion comprising: 

an A/D converter for converting said pilot symbol in said despread signal output from said matched filter into a 
digital pilot symbol; 

a phase en-or extraction and averaging means for extracting a phase error of said digital pilot symbol of said 
despread signal, for averaging said phase error and for outputting said average as a phase compensation sig- 
nal; 

a memory for storing said phase connpensation signal; 

a path selection portion for calculating an average of said phase conrpensation signal in said menrory. for cal- 
culating an electrical power of said received signal from said average of said phase compensation signal of a 
plurality of slots and for selecting paths to be received according to said electrical power; 
a sampling and holding circuit for holding said information symbol in said despread signal output from said 
matched filter; and 

a multiplier for multiplying said information symbol in said sampling and holding circuit by said phase conrpen- 
sation signal. 



4. A signal reception apparatus for DS-CDMA communication system as claimed in Claim 1. said phase compensa- 
tion and path selection portion comprising: 
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an A/D converter for converting said despread signal output from said matched lilter into a digital despread 
symbol; 

a phase en-or extraction and averaging means for extracting a phase error of said pilot symbol of said digital 
despread signal, for averaging said phase error and for outputting said average as a phase compensation sig- 
nal; 

a memory for storing said phase compensation signal; 

a path selection portion for calculating an electrical power of said received signal from said average of said 
phase compensation signal of a plurality of slots and for selecting paths to be received according to said elec- 
trical power; and 

a multiplier for multiplying said information symbol in said digital despread signal by said phase conopensatton 
signal in said memory 

A signal reception apparatus for DS-CDMA communication system as claimed in Claim 1, said phase compensa- 
tion and path selection portion comprising: 

a first A/D converter for converting said pilot symbol in said despread signal output from said matched filter into 
a digital pilot symtxsl; 

a phase error extraction and averaging means for extracting a phase error of said digital pilot symbol, for aver- 
aging said phase error and for outputting said average as a phase condensation signal; 
a memory for storing said phase compensation signal; 

a path selection portion for calculating an electrical power of said received signal from said average of said 
phase compensation signal of a plurality of slots and for selecting paths to be received according to said elec- 
trical power; 

a second A/D converter for converting said information symbol in said despread signal output from said 
matched filter into a digital infornnation symbol; and 

a multiplier for multiplying said digital information symbol in said despread signal by said phase compensation 
signal in said memory 

A signal reception apparatus for DS-CDMA communication system as claimed in Claim 1 , wherein said phase oonn- 
pensation and path selection portion works only in periods of said pilot symbol and othenwise stops working, 
whereby electrical power consumption is decreased. 
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Fig.2 
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Fig.5 
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Fig. 7 
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Fig.8 
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